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INTRODUCTION 

From August 28, 1964, u n t i l  September 22,  1964, t he  NIMBUS Meteor- 

o l o g i c a l  S a t e l l i t e  t r ansmi t t ed  t o  e a r t h  a l a r g e  amount of meteorological 

d a t a ,  which it had acquired through t e l e v i s i o n  cameras and a High 

Resolut ion In f r a red  (HRIR) sensor .  This  data  was used t o  produce 

photofacsimile  f i l m  s t r i p s  of the e a r t h ' s  cloud cover,  p a r t i c u l a r l y  

on the  u n l i t  s i d e  of t h e  e a r t h ,  thus providing immediate, v i s u a l ,  meteor- 

o l o g i c a l  information. Because of the inherent  l i m i t a t i o n  i n  r e s o l u t i o n  

due t o  t h e  photographic reproduction technique i t  was a l s o  required t h a t  

the i n f r a r e d  d a t a  be subjected t o  a very d e t a i l e d  computer a n a l y s i s .  

This paper desc r ibes  a new approach t o  t h e  problem of preparing 

such analog t e l eme t ry  data  f o r  computer a n a l y s i s .  

The NIMBUS HRIR D i g i t i z i n g  System, now ope ra t ing  a t  the Goddard 

Space F l i g h t  Center (GSFC) app l i e s  the concept of an automatic ,  computer- 

c o n t r o l l e d  production system t o  the f i e l d  of t e l eme t ry  processing.  The 

system u t i l i z e s  a medium-size d i g i t a l  computer (Figure I.), opera t ing  

"on- l i n e "  i n  a "real-  t i m e "  environment with t h e  required s igi ia l  processing 

and d i g i t i z i n g  equipment (Figure 2 ) .  

c m v e r t  an analog s i g n a l  i n t o  d i g i t a l  samples and t o  perform prel iminary 

The purpose of t he  system is  t o  

on--ltnc p r o c e s s i n g  and q u a l i t y  c o n t r o l  of this data  prior t o  i t s  e n t r y  

i[:':o a i a r g c -  s c a l e  c!i ;j tci cc;n::cter :shere d e t a i l e d  e x p e r i n e n t e r  analysis 
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BACKGROUND 

The f i e l d  of e l e c t r o n i c  processing of l a r g e  masses of t e l eme t ry  

d a t a  i s  a s  new as the space age.  From t h e  e a r l y  days of t e l eme t ry  

u n t i l  q u i t e  r e c e n t l y  the  amount of data  involved w a s  small and simple 

processing techniques u t i l i z i n g  s t r i p  c h a r t s  f o r  example w a s  s u f f i c i e n t .  

With t h e  advent of high data r a t e  s a t e l l i t e s  ca r ry ing  s e v e r a l  experi-  

ment packages and t r a n s m i t t i n g  over a period of s e v e r a l  months t h e  need 

developed f o r  f a s t e r ,  more e f f i c i e n t ,  and more accu ra t e  processing 

techniques.  A l a r g e  scale d i g i t a l  computer lends i t s e l f  very we l l  t o  

t hese  problems, r equ i r ing  only the p repa ra t ion  of the analog d a t a  f o r  

e n t r y  i n t o  it. An e a r l y  s o l u t i o n  (and t h e  one used current1.y i n  most 
I 

automatic processing a t  GSFC) t o  t he  problem of preparing the d a t a  f o r  

a l a r g e  s c a l e  computer used a two s t e p  process .  I n  the  f i r s t  stCp t h e  

data  and c a l i b r a t i n g  s i g n a l s  a r e  d i g i t i z e d ,  time i s  decoded and d i g i t i z e d ,  

and t h e  d i g i t a l  values  a r e  placed on d i g i t a l  computer compatible b u f f e r  

t ape .  I n  the second s t e p  the bu f fe r  t ape  provides t h e  input  t o  a 

medium s c a l e  d i g i t a l  computer which performs the prel iminary processing 

funct ions of e d i t i n g ,  q u a l i t y  con t ro l ,  t i m e  c o r r e c t i o n ,  formatt ing and 

da ta  accounting. The output of t h i s  computer i s  a magnetic t ape  properly 

prepared f o r  e n t r y  i n t o  a l a r g i l  s c a i e  d i g i t a l  computer, where d e t a i l e d  

e x p k J r i m e n r e r  s n a l y s  is i s  per for ix i . .  I n  this experimenter a n a l y s i s ,  

.ihicIi m y  coi is is t  of ox s c v c r , ~ I  passcs Lhrcush co,;.putcrs and p l o t t i n g  

devICes, experiment c a l i b r a t i o n s ,  eq~m';ions and c o r r c l a t i o n s  a r e  app l i ed  

and f i n a l  l i s t i n g s  and p l o t s  are  produced. 
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Studies  performed a s  p a r t  of t h e  system des ign  of t h e  HRXR D i g i t i z i n g  

System showed d e f i n i t e  c o s t  advantages of a n  on- l ine  system as  opposed 

t o  t h e  two s t e p  approach. The saving i s  mainly t h e  r e s u l t  of reducing 

the  amount of requi red  computer t i m e  and manpower requirements.  

advantages are found i n  reducing t h e  account ing func t ions ,  minimizing t h e  

amount of magnetic t ape  involved, and providing immediate feedback t o  

t h e  ope ra to r  on t h e  condi t ion  of t he  d i g i t i z i n g  equipment and q u a l i t y  of 

t he  da t a .  

Addi t iona l  

To b e t t e r  understand the problems involved and the  need f o r  d i g i t i z i n g  

t h e  d a t a ,  a d e s c r i p t i o n  of t he  spacecraf t  d a t a  source,  t ransmission l i n k s ,  

and f i n a l  use of t he  data i s  given. 

SPACECRAFT 

The KIMBUS spacec ra f t  was designed t o  o r b i t  t he  e a r t h  i n  a nominally 

c i r c u l a r  high noon po la r  o r b i t  once every 106 minutes s o  t h a t  i t s  o r b i t a l  

motion combined wi th  the  r o t a t i o n  o f  t h e  e a r t h  would enable  i t  t o  photgraph 

a l l  o f  t he  e a r t h ' s  su r f ace  once every 24 hours.  During the  dayl ight  

po r t ions  of t h e  o r b i t ,  t e l e v i s i o n  cameras would c r e a t e  o p t i c a l  e a r t h  images 

while dur ing  t h e  night t ime port ions of  t h e  o r b i t  i n f r a red  scanning devices  

w c ; i l d  scan the  e a r t h  t o  produce night t ime i n f r a r e d  images. The HRIR 

experiment i s  mounted on the bottom o f  the  c i r c u l a r  body of the  spacec ra f t  

r n d  i a t  ion  i.s focused m t o  ?. hc, cc ! 1 hq a r o t a  tin:; miriror which produces a 

scan  oE t h e  e a r t h  a t  :i ri-ght anCle  t o  t h e  d i rec t ion .  o f  motion of  t he  space- 

c r a f t  once each r evo lu t ion  (see Figure 4 ) .  This  scanning combined wi th  the  
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o r b i t a l  motion of  t h e  spacec ra f t  produces a s e r i e s  of r a s t e r s  which 

a r e  combined t o  form a facs imi le  p i c t u r e  of t h e  t o t a l  r a d i a t i o n  i n  t h e  

s p e c t r a l  band received from t h e  e a r t h  (see Figure 5).  To provide t h e  

necessary re ference  f o r  a l ign ing  t h e  scans a permanent magnet on t h e  

scanning mi r ro r  a x i s  t r i g g e r s  a mul t iv ib ra to r  t o  genera te  a seven 

pulse  sequence once each scan. 

t h e  mi r ro r  i s  viewing t h e  spacecraf t  housing, which i s  a t  a known 

A c a l i b r a t i o n  check is  provided when 

temperature.  The HRIR s i g n a l  then c o n s i s t s  of an e a r t h  view, o u t e r  

space view, housing view and synchronizat ion pulses  as shown i n  F igure  6. 

This  s i g n a l  modulates a vo l t age  con t ro l l ed  o s c i l l a t o r  t o  produce a 

frequency modulated s i g n a l  which is recorded on one of fou r  t r a c k s  of 

a n  onboard tape  recorder  f o r  playback t o  one of two ground t r ack ing  

s t a t i o n s  once each o r b i t .  An amplitude modulated time code ( s i m i l a r  

t o  the  NASA 36 b i t  BCD T i m e  Code) shown i n  Figure 7 ,  but  modulated on 

10 kc in s t ead  of  1 kc, is  recorded on a second t r a c k  t o  permit l a t e r  

c o r r e l a t i o n  of t h e  da ta  with ea r th  coord ina tes .  When the  spacec ra f t  

recorder  reaches t h e  end of t h e  tape i t  reverses  and the  two s i g n a l s  

a r e  recorded on t h e  remaining two t r a c k s .  A t  playback data  from a l l  

four  t r acks  a r e  t ransmi t ted  a t  once, causing da ta  and time on one p a i r  

of t r a c k s  t o  be t ransmi t ted  i n  a forward d i r e c t i o n  (as  recorded)and t h e  

3 t h ~ i -  p a i r  t o  be t r .a : ;mit ted i n  a re-7erse d i r e c t i o n .  T!lese s i g n a l s  a r e  

recorded a t  the  groum1 stC+Li.on ,an four  t r a c k s  of a n  a m l o g  tope  recorder  

wi th  ground time being added 3 C  this time on a f i f t h  t r a c k .  

The radiometer can resolve tcmpcrature t o  k 2k, the f acs imi l e  

photos can be resolved t o ,  perhaps, 10 gray l e v e l s  o r  k 10'K. 

provide a l l  of t h e  information ava i l ab le  from t h e  s i g n a l  and t o  a l low 

d e t a i l e d  a n a l y s i s  i n  a d i g i t a l  computer, d i g i t i z i n g  i s  requi red .  

To 

f. 
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Not on ly  does d i g i t i z i n g  provide g r e a t e r  r e s o l u t i o n ,  as can be 

noted by comparing the  

same d a t a  (Figures 9 ,  10,  11 and 12) a f t e r  having been d i g i t i z e d  and 

facSimile f i l m  s t r i p  i n  Figure 8 with t h e  

then  analyzed and p l o t t e d  by t h e  experimenter,  bu t  d i g i t i z i n g  a l s o  

enables more complex computer ana lys i s  such as computing cloud 

e l e v a t i o n s  from t h e  temperature da.ta. 

GENERAL DESCRIPTION 

The HRIR D i g i t i z i n g  System (Figures 13) c o n s i s t s  of  a 

medium s c a l e  d i g i t a l  computer operat ing "on- l i n e "  wi th  the HRIR 

d i g i t i z i n g  equipment. 

by func t iona l  cons ide ra t ions .  

func t ions ,  such as demodulation, which must be done e x t e r n a l  t o  the  

computer, l eav ing  t o  the computer those funct ions of a computational 

o r  processing na tu re .  

e i t h e r  the computer o r  FLRIR equipment, such as b i t  p a t t e r n  recogni t ion,  

a r e  done very e f f i c i e n t l y  i n  the HRTR equipment and thereby save 

computer t ime. 

The two port ions of the system a r e  divided 

The €IRIR equipment con ta ins  chose 

Some functions which could be performed i n  

A f t e r  t h e  HRIR equipment i s  connected t o  t h z  computer, t he  

computer program au tomat i ca l ly  s e t s  up the  system f o r  t he  run using 

i n i o r m t i o n  cbtained th rough t t > o  c o r 3  rcndci-  and t-ypex-riter. 

In 7 h i s  s c c ~ ' p  process ih,. p i - c i  i-.m engJ;;es i n  a convrai-s:ition 

wit11 tlie operator i n  :7hich I [ I C  prq m rf3qiwsts o f  thc o p e r a t o r  any 

i x c  dccl prr lnicters ,  X ~ J - I I S  h i n  of ~ : i y  nlmnd1Lcs i n  t h e  system r ead iness ,  

and g,i\ies d i r e c t i o n s  f o r  co r rec t ive  a c t i c n .  

of t h i s  conversat ion i s  given i n  Figure 14. 

A t y p i c a l  t ypewr i t e r  log 
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Following v e r i f i c a t i o n  of system readiness  analog da ta  and 1 

time code s i g n a l s  a r e  read i n t o  the HRIR equipment from a n  analog 

t ape ,  which con ta ins  t h e  s a t e l l i t e  t e l eme t ry  s i g n a l s  and t h e  ground 

time s i g n a l  a s  recorded during a pass of the spacec ra f t  over  a ground 

s t a t i o n .  

d i g i t i z e d  and read i n t o  the computer i n  a s t ream of data  words each 

of which c o n s i s t s  of a sample of 8 b i t s  plus  4 "flag" b i t s .  

Simultaneously wi th  t h e  d i g i t i z i n g  of data  the ground and v e h i c l e  

t i m e ' s i g n a l s  a r e  processed through time decoding c i r c u i t s  which 

o b t a i n  time word synchronizat ion and s e p a r a t e  the  4 b i t s  of each BCD 

time c h a r a c t e r  from t h e  encoded b i t  stream. These two sets of BCD 

time c h a r a c t e r s  a r e  then multiplexed and e n t e r  t he  computer through 

a second channel a c h a r a c t e r  a t  a time. Data q u a l i t y  and s t a t u s  

f l a g  symbols a r e  added t o  both the data  words and t h e  time words 

by the  HRIR equipment. 

upon d e t e c t i o n  of  c e r t a i n  t i m e  and data  synchronizat ion cond i t ions .  

I n  the  HRIR equipment the analog d a t a  a r e  demodulated, 

The equipment a l s o  provides computer " interrupts! '  

The computer temporarily s t o r e s  the  time and d a t a ,  determines 

t h e  c o r r e c t  v e h i c l e  time word and ground time word from the  multiplexed 

v e h i c l e  and ground t i m e  cha rac t e r s ,  c o r r e l a t e s  t he  v e h i c l e  time with 

tlie d a t a ,  checks the  c.uality of  thc t jme arid da t a  using tiie f l a g s  s e t  

0 ~ 7  t h e  H R I K  t r p i p i ~ e r i t ,  an2  ~ I - O ~ L I C  c s  p r o p e r l y  formatte6 c i i  , ; i t a1  o u t p u t  

:opes.  

The coyputer 3 1  p o  ;>rrv!des concurrent p r i n t o u t  O Z  s y s t e m  per-  

formance and d a t a  q1:ai i ty .  Xius a l l  processing funct ions 
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needed t o  transform the  frequency-modulated analog telemetry and 

amplitude-modulated time s ignals  i n t o  a d i g i t a l  format su i t ab le  f o r  

fur ther  analysis  on a la rge  scale d i g i t a l  computer a r e  accomplished 

i n  one pass through the system. 



HRIR EQUIPMENT FUNCTIONS 

.,. 7-, 
X E R O  c COPY 

- 8 -  

The HRIR equipment ( see  Figure 13) c o n s i s t s  of an analog t ape  d r i v e ,  

AfD conver t e r ,  FM d i sc r imina to r  with t ape  speed compensation, t i m e  decoder ,  

a s soc ia t ed  l o g i c  c i r c u i t s ,  and a s t r i p  c h a r t  r eco rde r .  Addit ional  c i r c u i t s  

were included t o  a l low the equipment t o  appear e x a c t l y  as a standard p i ece  

of computer pe r iphe ra l  hardware. This allows s e l e c t i n g  i n i t i a l  cond i t ions  

under program c o n t r o l ,  sensing of cond i t ions  wi th in  the equipment by the 

program, and the use of t he  "program i n t e r r u p t "  f e a t u r e  f o r  c e r t a i n  hardware 

funct ions.  In  a d d i t i o n  ope ra to r  funct ions on the hardware a r e  minimized 

by p l ac ing  them under computer c o n t r o l ,  which allows a check t o  be made 

t h a t  t he  s e t t i n g s  des i r ed  were a c t u a l l y  made. 

i n  the system, however no attenpt has been nade t o  use i t .  

Adaptive c o n t r o l  i s  p o s s i b l e  

The demodulation of both the amp1.itude modulated t i m e  codes and the 

€recjuency modulated d a t a  s i g n a l  o f  uecessity i s  done Ln the. e x t e r n a l  

equipment as is  the  analog-to-di; i tal  conversion of the  d a t a .  The d a t a  

d i sc r imina to r  and AID converter  a r e  s tandard commercial u n i t s .  Detect ion 

of  t h e  amplitude mcldulated t i m e  codes i s  accomplished using energy 

d e t e c t i n g  techniques followed by a d d i t i o n a l  l o g i c  c i r c u i t s  t o  improve 

\?par, t h c  r e l i a b i l i t y  of de t ec t ion .  
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these  c i r c u i t s  cont inues  f o r  some time a t  the  l as t  frequency. 

c i r c u i t s  have been named "flywheels" because of t h e i r  cont inuing  output .  

These 

Communication between the  computer and the  HRIR equipment i s  

through 4 of t he  6 a v a i l a b l e  1/0 channels.  

double word mode t r a n s f e r s  48 b i t s  of d a t a  i n t o  t h e  computer. 

ex t e rna l  equipment accumulates data words of 1 2  b i t s  each t o  make up the  

48 b i t s  €or  t r a n s f e r .  

f o r  t he  t ransmission of "select" and "sense" code from the  computer. 

"Select"  codes se t  up opera t ing  modes, and "sense" codes tes t  c r i t i ca l  

cond i t ions ,  withir. the e x t e r n a l  equipment. 

Channel 1, ope ra t ing  i n  t h e  

The 

Channel 2 i s  a 48 b i t  ou tput  channel and i s  used 

Channel 5 opera tes  i n  t h e  

half word mode and t r a n s f e r s  a 12 b i t  word i n t o  the  computer. 

channel c a r r i e s  ground and veh ic l e  tine cha rac t e r s  which have been 

This 

mult iplexed i n  t h e  hardware. Channel G c a r r i e s  a s i n g l e  s e l e c t  code t o  

Those process ing  fcnc cions which could be performed i n  e i t h e r  hardware 

o r  sof tware and a r e  done ii-i hardware c o n s i s t  o f  t i m e  code synchronizat ion 

p a t t e r n  recogni t ion  f o r  both ground and veh ic l e  time, determining forward 

rcccgni  ti.on. Tine code synchronizat ion rccugni t ion  i s  accomplished by 
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whenever the  synchronizat ion p a t t e r n  is  de tec t ed  when expected. 

o r  r eve r se  t i m e  code i s  de tec t ed  i n  a very s imilar  manner. The t i m e  

Forward 

code synchronizat ion p a t t e r n  is examined and i f  found to  he as shown 

above t h e  time is forward, i f  t he  p a t t e r n  is t he  r e v e r s e  of the above, 

1111100111, time is  running i n  reverse .  This provides a means of 

au tomat i ca l ly  switching t r acks  of t h e  tape deck t o  acquire  the d e s i r e d  

inpu t .  Data sync d e t e c t i o n  r equ i r e s  threshold and pu l se  width d e t e c t i o n ,  

and counting of sync pu l ses .  

func t ions ,  they are more economically performed i n  the  XRIR equipment 

than i n  the computer. 

COMPUTER PROGRAM FUNCTIONS 

As these are e s s e n t i a l l y  p a t t e r n  r ecogn i t ion  

The computer used, a CDC 924,  i s  a b ina ry  24 -b i t  p e r  word, p a r a l l e l  

a r i t h m e t i c  machine, providing 3 buffered inpu t  and 3 buffered ou tpu t  

channels ,  5 . 3  microsecond. e f f e c t i v e  memory cyc le  t i m e ,  one programmable 

i n t e r n a l  i n t e r r u p t  and two ex te rna l  i n t e r r u p t s ,  and t h e  a b i l i t y  t o  

input-output  i n  e i t h e r  a h a l f  word, f u l l  word, o r  double word mode. 
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The Controller section provides overall system control and function 

synchronization, and provides for all input-output functions and interrupt 

processing. 

selects and verifies the desired system settings, which had been specified 

In the initial system setup phase the Controller automatically 

by a previously prepared set of IBM cards, indicates to the operator any 

anomalies noted in either the cards or system readiness, and suggests 

corrective action if possible. The eBterna1 equipment settings which 

the controller selects are: 

1. 

2.  data source - analog tape, system simulator or digital tape 
3.  data direction - forward or reverse 

sampling rate - 2, 4, 8, or 18 K samples per sec 

4 .  flywheel bandwidth - 200 cps, 500 cps or 1 Kc 

In addition the Controller modifies itself to run in either a 

production or 8 checkout mode. 

To provide for the input to data from the external equipment 5 

fixed length data buffer areas have been set: aside w i t h i n  the magnetic 

core memory. 

each of which accumulates similar functions (i.e., ground time characters, 

(see Figure 15) The buffer area is composed of sections, 

vehicle time Characters, data samples etc .) which occur during the input 

riinc oE that particuiar b u f f e r .  T > e  f i l l i n ?  of a b u i f c r  i s  referred to as 

processing program is operating on a second, the third and fourth 

--..< c ERO 
OPY 
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b u f f e r  areas are being held and the f i f t h  i s  being pu t  ou t  on d i g i t a l  

tape.  

d a t a  inpu t  channel,  t he  t i m e  input  channel ,  and both e x t e r n a l  i n t e r r u p t s .  

The monitoring is  accomplished through t h e  use of "program requested 

i n t e r r u p t s " ,  a f e a t u r e  of t he  computer which r e q u i r e s  no computer t i m e  

f o r  the monitoring funct ion.  

While a b u f f e r  area i s  f i l l e d  the  c o n t r o l l e r  monitors t he  

When a b u f f e r  area is f u l l  the C o n t r o l l e r  r eas s igns  the b u f f e r  areas, 

performs some system s t a t u s  checks,  and r e a c t i v a t e s  t he  inpu t  channels.  

The s t a t u s  checks performed include determining i f  t he  ope ra to r  d e s i r e s  

t o  end the  run ,  checking t h a t  the l a s t  output  record was c o r r e c t l y  

w r i t t e n  on t a p e ,  confirming that the WRIR s i g n a l  was p resen t  a t  t h e  

e x t e r n a l  equipment during the cycle  and t h a t  no time o r  d a t a  words were 

l o s t  a t  the e x t e r n a l  equipment-computer i n t e r f a c e ,  and v e r i f y i n g  t h a t  

t he  computer program has completed e v e r y t h i n e  required of  i t .  TIie system 

s t a t u s  and d i agnos t i c  information obtained from t h e  checks are made 

.avai lable  t o  the  ope ra to r  by means of t he  p r i n t o u t  produced concur ren t ly  

with the processing. This information f o r  t he  o p e r a t o r ,  which provides  

a record-by-record sunrnary of the system p e r f o r m a x e ,  i s  compiled and 

p e r i o d i c a l l y  (about every 8 seconds) i s  p r i n t e d  o u t .  The information 

inode. I n  t h e  checkout mode the c o n t r o l l e r  i s  rnodiEied t o  d e l e t e  o r  

--.I 
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add r o u t i n e s  , s k i p  over  inoperable  i n s t r u c t i o n s  and change the inpu t  

sou rce ,  a s  s p e c i f i e d  by inpu t  IBM cards.  

checkout mode con ta ins  t h e  d a t a  t h a t  is most u se fu l  i n  t roub le  shoot ing 

and "debugging." 

o f  i n t e r r u p t  processing,  and a l l  "flag b i t s "  s e t  by the processor .  

checkout mode of  ope ra t ion  with a d i g i t a l  tape providing a simulated 

inpu t  proved invaluable  i n  loca t ing  program flaws p r i o r  t o  i n t e g r a t i n g  

with the  e x t e r n a l  equipmmt. Also, t h e  problems a s soc ia t ed  with 

i n t e r f a c i n g  the programs with t h e  e x t e r n a l  equipment were minimized by 

ope ra t ing  i n  the checkout mode. Other d i agnos t i c s  t h a t  a r e  a v a i l a b l e  

provide a l o g  of where t h e  program was when each d a t a  channel i n t e r r u p t  

occurred , i n d i c a t e  whether t he  program is  completing a l l  func t ions  

r equ i r ed  of  i t ,  and show how much e x t r a  computer t i m e  i s  a v a i l a b l e .  

The output  d a t a  tape i n  t h e  

It con ta ins  the  input  BCD t i m e  c h a r a c t e r s  , t he  r e s u l t s  

The 

Once each b u f f e r  cyc le  con t ro l  o f  t h e  prograin is  t r z n s f e r r n d  t o  

t h e  processor  s e c t i o n  where the  computations on time and data are 

performed. There i s  no d i r e c t  communication between the Processor  and 

Coiirroi ier ;  rather, all infcrm-?tir?n i s  found within the  b u f f e r  a r e a  t o  be 

processed,  o r  w i th in  the  Processor i t s e l f .  The Pracessor  s t o r e s  both 

neccled parameters and carry-over  information from the  l a s t  b u f f e r  

.' -,. 
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accumulates information about t h e  t i m e  words so t h a t  i n  the event  of 

i n v a l i d  t i m e  c h a r a c t e r s ,  o r  if t he  time word i s  n o t  1 sec  g r e a t e r  than  

t h e  las t ,  i t  may i n s e r t  i ts  own estimate of  t he  proper t i m e  word. The 

i n s e r t e d  time word may be i n  e r r o r  i f  a t i m e  s k i p ,  o r  new sequence, i s  

beginning. Af t e r  a few t i m e  words i f  a new t i m e  sequence i s  e v i d e n t ,  

t he  processor  i s  a b l e  t o  r e t u r n  t o  t h e  two previous b u f f e r s  processed ,  

which are being h e l d ,  and modify the t i m e  words i t  had in se r t ed  t o  

correspond t o  the  new sequence. 

information wi th  p red ic t ed  i n t e r r u p t  l o c a t i o n  information t h a t  i t  compiles 

t he  processor  i s  a b l e  t o  provide information t h a t  c o r r e l a t e s  t i m e  with d a t a  

and i n d i c a t e s  t h e  r e l i a b i l i t y  of the  c o r r e l a t i o n .  By accumulating information 

Using the  t i m e  synchronizat ion i n t e r r u p t  

on d a t a  syncbronizat ion i n t e r r u p t s  and examining the  i n t e r r u p t  l o c a t i o n s  

the processor  i s  a b l e  t o  i n d i c a t e  the  r e l i a b i l i t y  of the  d e t e c t i o n  and 

i n  some cases  is  able t o  improve on i t .  

SYSTEM P E R F O W X C E  AKD CONCLUSIONS 

Product ion runs i n d i c a t e  tha t  t h e  system is  capable of ope ra t ing  as 
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Because of  t h e  automatic se t  up of the system and t h e  b u i l t  i n  conf i rmat ion  

of t he  systems readiness  the re  is l i t t l e  chance of ope ra to r  e r r o r .  The 

compueer program, inc luding  t a b l e s  and temporary s t o r a g e ,  occupies  10,000 

words. An a d d i t i o n a l  10,360 are used f o r  t he  f i v e  b u f f e r s .  I n  a 

t y p i c a l  program cyc le  a t o t a l  of  about 3,000 i n s t r u c t i o n s  a r e  executed 

o r  less than one i n s t r u c t i o n  pe r  da t a  sample. With a program c y c l e  

tak ing  0.225 seconds a t  the  16,000 sainples pe r  record d i g i t i z i n g  rate 

t h i s  leaves  0.195 seconds o r  87 percent  of t he  t i m e  during which the  

program i s  i d l e ,  assuming a conservat ive 10 microseconds per i n s t r u c t i o n .  

I n  l a t e r  systems p a r t  of t h i s  t i m e  could be u t i l i z e d  i n  more d e t a i l e d  

a n a l y s i s  of t h e  d a t a ,  and i n  employment of t he  inhe ren t  c a p a b i l i t y  of 

t he  system f o r  dynamic adjustment o r  feedback techniques t o  improve t h e  

q u a l i t y  of d a t a  coming from the  ex te rna l  equipment. 

T h e  system ph i losophy  of the Nimbus HR'ER line. thus provides consider-  

able advantages over previous,  m u l t i p a s s  systems i n  t h a t  in te rmedia te  

d i g i t a l  t apes  a r e  e l imina ted ,  throughput t i m e  i s  c u t  d r a s t i c a l l y ,  

accounting requirements a r e  minimized., and ',m,edi.ate q 1 ~ 1 i .  ty con t ro l  

feedback t o  the  sys tem d i g i t i z i n g  ope ra to r  are  provided. 

savings arc r e a l i z e d  i n  operazin, ;  t i m ,  e F f n r t ,  and c o s t .  

As a r e s u l t  
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